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MEMORANDUM

Apr. 3, 1964

Tos STAT
Froa
Subject: Prototype enlarger exposure requirements

The following notee relate to exposure times and illumination requirements
to be expected with the laser and with the alternate source.

Lasger Source .

The lateral energy distribution over the unaltered laser beam is very
non-uniform, (probably Gauseian - Ref.l). If a diffuser, wobble plate or other
means of reducing coherence is used, the evennese of illumination generally
improves over the collimated area, but generally at the expanse of intensity at
the film gate. In either case it is necessary to considerably overfill the film
gate in order to obtain sufficient uniformity of illumination.

We can set up a constant, C, (dimension cm™2) which collects the area
coverage factor, transmiesion of the diffuser (if used), and the minor factor
of condenser and collimator transmieeion, the definition being implied from::

- where H, is the 1rragiance at the object plane
/7’0 2 /D"CA in watts/cm
P is total power cutput from one end
of the laser.

The value of C, will vary with the type of diffuser used, and possibly
with laser mode in tﬁe absence of a diffuser, but in other respects will remain
fixed for any given equipment and will provide a fijure for film gate irrsdisnce
from a bolometer measurement of the laser output,

The numerical value of C, can be determined experimentally in the equipment
by substituting an aperture mask of known area at the film gate (object plane,Pig.1).
This aperturs should represent the area over which the illumination can be
considered to be uniform, and might for example be the inscrided circle of the
square gate area. The light flux concentrated at the plane of the spatial filter
is then compared to the total flux out of the laser by any convemient photo-cell
means, providing a rntiig(lena than unity), the value of C, being found from:

- ?, being the measured transmission (see below) of
Cq = /—?/7; A 1 the projector lens, Ly , and 2
A the measuring aperture area in cm"

Heasursments made on the breadboard produced valuog of C, of 0476 o2
for the laser source without any diffuser, and .0127 cw™° with the combination
of the sandwiched rotating diffuser and clesr plastic film which provided suitadle
freedom from image noise at about 5% loss of coherence. The mask used at the
time had an aperture diameter of 1,50 inches, and thus an area of 11.4 cm® which
was perhaps t00 large to be representative of the one inch square breadboard gate.
The values will be somewhht lower on the prototype due to the greater gate area,
but some improvement in efficiency of the #iffuser can be expected.
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An alternate gethod of odtaining object plane irraediance is to make
a bolometer measurement at the spatial filter poeition, using the aforementioned
test aperture in place of the film gate. It may be mentioned here that the
laser beam makes transmission measurements of any optical component or coabination
extremely eaasy by comparative photo-cell measurements at convenient Points on the
axis, particularly when the condenser and collimator are removed.

Enowing the irradiance H, at the object plane (without film gate glass)
the corresponding irradiance at the camera back is;

where Tg is the tranamission of the system including

/71 = //a 73 7; " lenses L; and Ly, filu gate glass and filter
F T a2 plane glass if any,
/ﬁ7 To 18 the transmisabon of the areas of interest

of the odject film.
M is system magnification.
The ratio T./M2 will be fixed for a given system and can be . called I.. thus;

He 2 M3 ToMo (3 or Herhy 7o PL, (b

The above expressions can be used in determining the required exposure -
times when film eensitivity data is knowsn. Since the laser and any other source
usable with the enlarger is essentially monochromatic, the data ocan be taken
directly from the spectral sensitivity curve for the film used. This curve
provides data in terms of the reciprocal of the flux density times exposure,in ergs,
or energy density required to produce a film density of 1.0 above groes fog
at the wavelength selected, By conversion from ergs to watt seconds!

-7

/-7’} 5T = /o where ¥ = exposure time in seconds. '
§ = film sensitivity at selected wavelength
Then from 1,a and 1,b 7 ar 7 5
A - x/o (2
,Z’__-:/f,n/-/o_s ¥l (24 = M Te PCys (2,4

Much of the breadboard experinental work was done using Zastman Aerial
Fila type No. UUOW, gelected for suitable response at the laser wavelength,
very high resolution and availability in standard 35 mm sigze. The sensitivity
of this film at 6328 A° as derived from the published curve is 0.2 reciprocal
erga/cn2e The best available figures es measured from breadboard work or -
estimated, for substitugion in the above are;
Kg = Tg/M" = 0,9/16 = 086 To = 0.5

P=QO,5x 1075 watts Cq 4 .05 om~2 (full coherence)
log § = iu} § =0,2 cua/erg
Whence  from (2,b

1/t = .0% x 0.5 x 0.5 x 107 x .05 x 0,2 x 207 = 1.4
and t = 0,71 seconds

This figure is compatible with experimental results obtained on the
breadboard, where Eany eatisfactory exposures under conditions as descrided
were made at an exposure time of ons second. Probadbly the greatest uncertainty
at present ig the actual power output of the lager, and arrangemente ghould bhe
made to procure a bolometer or calibrated cell to resolve thie, :
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te Source Considerationa :

~ 7 ;The photometry of the more conventional typee of lamps which might be.
c6nsfdered for the alternate source differs beasically from that applicable to

. tlis laser. The laser affords 1%te maximum energy for film exposure when used at

e ;f%}lﬁpoheranco. and any means used to reduce coherence will in general increase

* . tMe Tequired exposure time. A conventional source, on the contrary, if arranged

- /%o prodice a coherence approaching unity, results in impractically long expoeure

~"tises ( Ref, 2 ). The exposure time 1s reduced as the square of the relaxstion from

fuli coharence,

“Incandescent Lamp Source ‘

A possible source of this type may consist of a projection lamp, arranged
for reimaging of the filsment at a veriable iris aperture, which is then considered
as the secondary (reimaged) source ( see Fig. 2. ). The spectral band width of
the raediation fe finite, but due to the lack of chromatic correction in the
optical system as well as for coherency considerations this band width muet be
limited by a "spike" filter to a 50% width of 100 A° or less. '

However, the filtered lamp can be coneidered to be monochromatic from
the standpoint of obtaining radiance converesion data without the necegeity
for integration, and the total radiance can be considered to be :nzinoar
function of the limited band width, i.e. L wells .

Nz N (@) Cm > Tferedias Micrzy

If the eource is a typical projection type lamp with interlaced filaments
and a reflector is provided, the filament packing factor may be about 0.8
From the radlation curve or tables for tungeten (Ref.3, for example) it is
found that the emittance at an operating tempersture of 3000. degrees K
in the regton of 6328 A° 1s: W/ (Aad) = FC Wails,/ cm™ micro

end the radiance is then , . . .,  ap.4 walls
A= (m™ micrsy Sler,

Using coated reimaging optics (L_ in Fig. 2) of adequate numerical
aperture, radiance from the iris is mfstantially that of the lamp, (and
independent of the magnification of the reimaging optics). The iris ia at the
focus of a collimator lens system of focal length Fos and represents a small
but finite acurce of area at an effective distance of F from the ob ject
plane (film gate), where the irradiance is then; c

Ho = Aill 24 f 4

end also Y e
, where At‘ area of the iris image formed
A N ad at the spatiesl filter plane
H, = 1t M [3,.5 F = focal length of projector lens L,
F:o o Pp) = epectrel band width

In the design of the prototype alternate source system, in order to
obtain 25 % coherence reduction without excegeive iris size it was necessary
to add an auxiliary collimator element ( Fig. 2) not used with the laser source
to reduce the composite collimator focal length to 34 en, the remulting maximum
iris diameter then being 2.36 em and the area 4,38 cn2, (Ref.4)

Exarination of the spectrophotometer trace of a 6328 A° spike filter
previouely used on the breadboard shows that this filter has an effective band
width as adjusted to 100 ¢ transmisgion of probably about 30 A® ( 2003 microns)
end we might use this figure for typical exposure calculations.
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Substituting the above vald;s in equation (3,8 :
H, = %38 x20.4 x,003 - 0.235
d /115
Tranemission through the object film is eesentially apecular, with the amount of

diffraction in terme of energy at angles greater thsn the angular aperture of
lens I..1 being negligible. Then, repeating equation (2,2 above:

A K THS w07

and if as befcre Ky = .05 - T,

waells
Py R

=05 s=0,2 cne/erg

then 1/% = .056 x 0,5 x 0,236 x 107 x 0.2 x 10" sec.™d 1/t = 13.3 geo,~}

and the expogurs time ¢t = 075 seconds.

Reducing the iris diameter to the point where 2 5 % loss of coherence ies obtained
incremses the exposure time to 1,87 seconds,

Vapor Lamp Source

STAT An |#0dium vapor lamp wae finally chosen for the prototype alternate
eource, as¢ this provides a monochromatic Raxrza light of sufficient inteneity, and
the wave length of 5890 A° i sufficiently close to the lager wavelangth g0 that
the optical correctione in lenses 1 and 2 are not violated.

STAT Catalog information on[:::::]lanpe €lves the luminous output in photometric
units, i.e. brightnees, but here agaln the conversion is facilitated by the
monochromatic nature of the output. The br&ghtneu- of the eodium lamp ie glven
as 12 candles/ca? ( 12 lumens/steradian/ca” ), This energy is nearly all at the
double line 5890-5296 A° whieh is isolated by an interderence ¢ e filter, whosge
transmicaion is g€iven by the manufacturer |aa 65 o STAT

From a curve of the sbandard visibility function Slof, 5, for example), one
obtains & visibility coefficlent of 0,860 at 5890 A9, Then, using values
€iven above, the lamp (and iris aperture) radiance ig; :

s
= /2 X 0,85 - 5 < )
‘ N = /6‘!0«\’ 0. 569 =.0/32 cm™ sFergdian
ILLEGIB In this care we have essentially

monochromatic radlation an cons T A T : '

/7; = ,/qi /@f_m, vhere Ai = Y, 18 cm? (for 25 4 coherence lose)
P 2 . F, = 34 on (as above)
< .
thua -3 wag z
Hy 2 BIL 200032+ o 450 xp0 Zem

Sensitivity of the Type MU0k £1lm at 5890 A° 1s about O, 32 (somewhat
higher than the sensitivity at» 6328 %) Then, from equation (2,9, using valuee
ae given above; -7 . . ~1
1/% = 2056 x 0.5 x 050 x 10x 0,32 x 207 1/4 = 4.5 sec,

and the exposure time ¢ = 0:.33 seconds ( for 25 % coherence loes Yo
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Coherence and Spatial Filteri

It might be of some possible interest to relate the exposure time
directly to the degree of peraiseible departure from coherence and source
emittance (for estended sourees of the types considered in the last two
gections. From equation (3,a

: 1 where N = total radiance
/eé = O N ry® radius of the iris imsge at
FR the filter plane
and for a Lambertien eocurce: F = focal length of the lens No.1l

P

N =

r. " e R frepeye /:'\/)wzrfﬂ
F" = s/m (K A) 2 (#:3) g of Famd onits as
c

n;,}j cam b e»/(rﬂffa/ .

e W W s sxero” e .
{" (n/\) l‘//’:f 7; x [0 terms ,/ £ = ’2’/,?". L/ /Jﬂrp/
where A radws of  AVFer /{/1 ne ,z/(rﬁ,?

the quantity E is the departure from coherence
as used in the above,

It will be observed that nothing ie mentioned in these notes with
regard to expected expoeures when spatial filtering is used. Thege will in
general be much greater than the figures given, and of course depsndent on
the type of filtering and aleo on frequency content of the object, and
should be considered in detail,

STAT

References:
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